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. mRNA was extracted from total retinal lysates from three independent tamoxifeninduced CKO and corn oil-injected control retinae. We performed qrtPCR analysis and found statistically significant reductions in Yap, Taz, Cyclin D1, and Cyclin D3 (A). It is important to note that the varying levels of mRNA reduction between mice likely reflect a combination of Cre mosaicism, variation in tamoxifen induction, and inefficiency in recombining four independent floxed loci in a given cell. Furthermore, Yap and Taz are also expressed in retinal endothelial cells, which are expected to contribute to mRNA transcripts within total retinal lysate preparations (Neto et al., 2018; Sakabe et al., 2017) . For qrtPCR, mRNA levels are relative to the corn oil control (set to 1) and depicted as fold change ±SEM (n = 3 independent pooled samples per group; Student's t test). *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001.
To Chx10-Cre (Rowan and Cepko, 2004 ) is expressed broadly in retinal progenitor cells during development and provides large regions of Cre-mediated recombination that can be easily visualized by GFP expression from the R26R-mTmG Cre reporter. In GFP+ regions of the retina, we observed coincident loss of YAP and CYCLIN D1 immunofluorescence in the INL (white arrowheads in B). In adjacent tdTomato+ regions, which did not experience Cre-mediated recombination, CYCLIN D1 and YAP coexpression persisted (yellow arrowheads in B). Importantly, immunofluorescence also showed that SOX9+/YAPMGs are still present in the CKO retinae indicating that loss of CYCLIN D1 expression in MGs is not due to loss of MGs, but rather loss of Yap and Taz expression (yellow arrowheads in C). The same results were observed for CYCLIN D3 expression (data not shown). N = 3.
Map of the Cyclin D1 gene showing the location of two putative TEAD binding sites (red arrowheads in D). Immunofluorescence showed that the ImM10 MG-like cell line expresses YAP, TEAD1, CYCLIN D1 and SOX9 (E). N = 3 per sample. ImM10 cell lysates were immunoprecipitated with antibodies against YAP or an IgG negative control. Western blot with anti-TEAD1 and YAP antibodies showed that YAP and TEAD1 coimmunoprecipitate (F). N = 3 per sample. YAP chromatin immunoprecipitation was performed on ImM10 cells followed by qPCR analysis of the 2 putative TEAD motifs. YAP was enriched on motif #1 that lies 3.7 kb upstream of the Cyclin D1 start site, but not on motif #2 in intron 3 (G). N = 3 per sample. Figure 3) . mRNA was extracted from total retinal lysates from three independent tamoxifeninduced CKO and corn oil-injected control retinae. We performed qrtPCR analysis and found that one out of three CKO samples showed a significant reduction in Lats1 while all three showed a modest but significant reduction in Lats2 (A). Importantly, in contrast to the Yap/Taz CKOs (see Figure S3A ), the Lats1/2 CKO retinae showed a significant increase in Cyclin D1 mRNA. This finding raised the possibility that loss of Lats1/2 in a subset of MGs results in more active YAP/TAZ, which drives an increase in Cyclin D1 and spontaneous MG cell cycle entry (further supported by Figure 3) . Interestingly, the increases in Cyclin D3 levels were less significant suggesting that loss of Lats1/2 has a greater impact on Cyclin D1 expression (A). Similar to the Yap/Taz CKOs, the varying levels of mRNA reduction (Lats1/2) between mice likely reflect a combination of Cre mosaicism, variation in tamoxifen induction, and inefficiency in recombining four independent floxed loci in a given cell. Also, Lats1, and Lats2 are expressed in retinal endothelial cells, which are expected to contribute to mRNA transcripts within total retinal lysate preparations (Neto et al., 2018; Sakabe et al., 2017) . For qrtPCR, mRNA levels are relative to the corn oil control (set to 1) and depicted as fold change ±SEM (n = 3 independent pooled samples per group; Student's t test). N = 3 per group. ONL = outer nuclear layer, INL = inner nuclear layer, GCL = ganglion cell layer. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, ****P ≤ 0.0001, ns = not significant.
Figure S4 (related to
For visual resolution of the Lats1/2 CKO MGs, we generated Glast-CreERT2 +/tg ; Lats1 flox/flox ; Lats2 flox/flox mice that carry the Rosa26R-nTnG +/tg Cre reporter (Prigge et al., 2013; Schmidt, 2013) . We chose this approach because LATS1/2 antibodies proved ineffective for immunofluorescence. A subset of MGs in the Lats1/2 CKO retinae exhibit Cre activity indicated by patches of GFP expression from the ROSA26R-nTnG Cre reporter (see green channel in B-D). Within this population of MGs, we also observed a more intense CYCLIN D1 immunofluorescent signal as compared to corn oil-injected controls (see magenta channel in B-D and quantification in E). It is important to note that the increase in CYCLIN D1 immunofluorescence frequently coincides with GFP (Cre reporter) expression (white arrows in D). However, we also observed CYCLIN D1 upregulation in MGs that do not express GFP (blue arrows in D) and GFP+ MGs that do not upregulate CYCLIN D1 (yellow arrow in D). These data underscore the inefficiencies Cre-mediated recombination of 5 independent loci in a single cell and is the reason why we turned to the more straightforward Yap5SA transgenic model to further investigate bypass of the Hippo pathway in MGs. N > 3 per sample.
We next sought to determine whether MGs within the Lats1/2 CKO retinae also exhibited more nuclear YAP immunofluorescence, which would indicate loss of the Hippo pathway's negative regulation of YAP. We were able to locate discrete regions of the CKO retinal INL that had MGs with more intense nuclear staining of YAP (compare F-G). Importantly, this increase in fluorescence occurred in the same MGs that exhibited an increase in CYCLIN D1 (H-I, measurements were taken across the red line in H). Therefore, these data suggest that the increase in CYCLIN D1 observed in MGs of the Lats1/2 CKOs is a consequence of deregulated YAP. These data also support our earlier conclusion (Figures 2, S3 ) that Cyclin D1 is transcriptionally regulated by YAP. N > 3 per sample. EdU labeling of adult Lats1/2 CKO retinae showed EdU+/SOX2+ MGs in the INL of the central retina (arrowhead in J). Panel J is an expanded view of the insets shown in Figure 3F . These results were further confirmed by SOX9 immunofluorescence. EdU+/SOX9+ MGs were observed throughout the retina including peripheral regions (arrowheads in K). N > 3 per group. ONL = outer nuclear layer, INL = inner nuclear layer, GCL = ganglion cell layer. Figure S5 (related to Figure 3) . Schematic of the core Hippo signaling pathway and the consequence of YAP5SA expressed by the Yap5SA transgenic mouse (A). Expression of the Yap5SA transgene in the adult mouse retina (B). The transgene, indicated by GFP, is primarily expressed in the ONL. However, we observed mosaic expression among the MGs in the INL that was confirmed by SOX2 immunofluorescence (see inset from boxed region in B). Upon tamoxifen injection (IP), YAP5SA (detected with an anti-FLAG antibody) is expressed in a subset of MGs that also express LacZ from the transgene's IRES-LacZ cassette (C). N = 3 per group. ONL = outer nuclear layer, INL = inner nuclear layer, GCL = ganglion cell layer. Figure 3 and 4) . LacZ fate mapping of the YAP5SA+ MGs. To track the fate of YAP5SA+ MGs, we utilized the IRES-LacZ cassette that, upon Cre recombination, is expressed from the Yap5SA transgene. LacZ and CYCLIN D1 immunofluorescence showed a dramatic, cell-autonomous increase in CYCLIN D1 that was well above the level of endogenous expression in the neighboring LacZ/YAP5SA-negative MGs (compare the white arrowheads to the blue arrowheads in A). Analysis of NMDA damaged transgenic retinae showed a dramatic expansion of the LacZ+ cells with high CYCLIN D1 immunofluorescence (B). When we analyzed tamoxifen-induced and non-induced transgenic retinae for GFAP upregulation in response NMDA damage, we found that the YAP5SA+ MGs failed to express GFAP, but the adjacent non-transgenic cells did (compare C and D and see boxed regions and insets in D). This was further illustrated by determining that, in the MG cytoplasmic processes (across the magenta line in D), GFAP and LacZ signals do not overlap (E). These data suggested that YAP5SA+ MGs lost MG cell identity. N = 3 per group. ONL = outer nuclear layer, INL = inner nuclear layer, GCL = ganglion cell layer. Figure 3 and 4) . Heat map of differential gene expression showing heterogeneity among the YAP5SA+ and YAP5SA-MG cell clusters (A). The YAP5SA+ clusters (YAP5SA-1 to 4) expressed many canonical YAP target genes, like Amotl2, Birc5, and Vgll3. Interestingly, the YAP5SA-control MGs displayed a high degree of heterogeneity, with a total of 7 unique clusters identified (MGC-1 to 7). The most obvious source of heterogeneity was derived from the immune response being sensed by MGs. Clusters MGC-5, MGC-6, and MGC-7 appeared to be undergoing different levels of immune activation and the interferon response. MGC-6 expressed high levels of the 
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